Introduction: Polytrauma, to include major limb amputation, in a military population presents unique rehabilitation challenges with the overarching goal of restoring function leading to the primary question, "Is this Service Member (SM) capable of returning to duty following rehabilitation?" The US military has a vested interest in maximizing injured SMs occupational performance to allow for return to duty. The purpose of this report is to describe marksmanship (shot grouping and weapon qualification) and return to duty outcomes following a course of VRE-based firearm training in a polytrauma patient population. Methods: The medical records, stored in the Armed Forces Health Longitudinal Technology Application (AHLTA), of all patients who received rehabilitative care at the Center for the Intrepid (CFI) to include VRE-based firearms training between 01OCT2015 and 01AUG2016 were manually reviewed for inclusion. Subjects included all adult (18 years and older) SMs (active duty at time of admission) with a diagnosis of polytrauma who had been referred to and treated (received additional services such as physical and or occupational therapy) at the CFI. Approval for this research was received from the Brooke Army Medical Center Department of Clinical Investigation Office of the Institutional Review Board. Results: Medical records of 30 SMs with a polytrauma diagnosis met the inclusion criteria. Mean shot group sizes for the M9 and M4 weapon decreased between initial and post training time points for the M9 zero (p = 0.009) and M4 zero (p = 0.020). There was no significant difference between initial and post training time points at the other shooting distances with either weapon. There was an 89% qualification rate for both the M9 (n = 18) and M4 (n = 19) weapons for those who attempted qualification; 43% of the population (n = 13) did not attempt qualification with either weapon. Conclusion: SMs with polytrauma demonstrated a high rate of weapon qualification (accuracy) following VRE-based firearm training. Shot group size (precision) at short distances with a M9 pistol and M4 rifle also improved with training. While overall marksmanship appeared to improve, high return to duty rates were not directly related to firearm training or marksmanship. Future efforts need to focus on consistent clinical documentation of firearm training procedure and the establishment of psychometric properties for marksmanship outcome measures. *85th Medical Detachment Combat Stress Control, 21st Combat Support Hospital, 1st Medical Brigade, 33020 Tank Destroyer and 72nd, Ft Hood TX, 76544.
INTRODUCTION
Polytrauma is the occurrence of multiple injuries as the result of the same traumatic event. Improving available clinical services for Service Members (SMs) with polytrauma injuries during the early stages of rehabilitation may foster independence and reduce long-term healthcare cost. 1 Polytrauma in a military population presents unique rehabilitation challenges with the overarching goal of restoring function leading to the primary question, "Is this SM capable of returning to duty following rehabilitation?" The US military has a vested interest in maximizing injured SM's occupational performance to allow for return to duty. Occupational performance, or function, has been described as the point when the person, the environment, and the person's occupation intersect to support the tasks, activities, and roles that define that person as an individual. 2 Military effectiveness is reliant upon each SM's operational readiness at performing universal warrior tasks as part of his or her role in the military.
Warrior tasks are critical to the SM's survival, examples include land navigation, radio communications, and firearm utilization. 3 The ability to fire small arms weapons, notably the M4 rifle and M9 pistol, is a performance task required of military personnel in all branches and specialties, regardless of military occupational specialty. 4 SMs receiving rehabilitation for polytrauma injuries may not be able to demonstrate shooting proficiency (marksmanship) with small arms weapons prior to the Medical Evaluation Board (MEB). The MEB evaluates a SMs medical history, documents performance deficits, and decides whether the medical condition hinders their ability to perform the requirements of their military occupational specialty in a full duty capacity. The ability to correctly shoot a designated target depends on many cognitive and physical factors, and "marksmanship errors can have destructive consequences." 4 Thus, the outcome of the MEB may be affected by the SM's ability to demonstrate marksmanship with small arms weapons. If the SM proves to have the ability to utilize small arms weapons, performing an essential warrior task, the MEB may take it under consideration for the SM's functional ability to return to duty.
Marksmanship is a combination of precision and accuracy. Shot grouping, the distance in centimeters (cm) between shots at the same target, is a quantification of precision. Specifically, shot grouping is the distance between the two bullet holes farthest apart. It is normally measured using a center-to-center method followed by subtracting the bullet diameter. Smaller group size indicates higher precision but does not necessarily indicate that the shooter is accurate. Accuracy is the ability to hit the target, specifically the center bullseye in most cases. Deviations from the center or missing the target altogether decrease accuracy. In the military, accuracy is normally quantified as the number of targets hit or hit percentage, the number of targets shot divided by the total number of required targets to shoot multiplied by 100. Accuracy scores are then classified by values into different levels of "marksmanship". For example, in the US Army, weapons qualification requires shots to be fired on several targets at varying distances with the shooter in different positions (prone, standing, and kneeling). A SM must successfully hit a minimum of 23 out of 40 targets to qualify as a marksman. Higher hit totals can earn a sharpshooter or expert qualification.
SMs with polytrauma who possess a desire to return to duty must retrain (to regain) the ability to qualify with the small arms weapons. Marksmanship training is designed to be realistic, tough (both physically and intellectually), and performance oriented. 3 Performance-oriented training involves rehearsal or simulation of a task. SMs learn best by utilizing a hands-on approach to achieve results. 3 However, restoring lost occupational performance by training in a real-world environment is often not possible due to logistics, cost, and safety concerns inherent in live fire training. The safety concerns associated with live fire weapons training are greatly increased in SMs who are impaired by polytrauma due to limitations such as motor control and balance. As an alternative, the Department of Defense has placed high value and interest on the potential use of virtual rehabilitation techniques for weapons training. 5 This is exhibited by the military's use of Virtual Reality Environments (VREs) for firearms training, such as the Engagement Skills Trainer (EST 2000, Cubic, San Diego, CA) 6 and (Fire Arms Training System, FATS M-100, Meggitt Training Systems, Suwanee, GA). 7 These VRE-based training systems utilize demilitarized weapons that discharge compressed air instead of ammunition, allowing the weapons to recoil after each shot. Most systems utilize video projection to simulate an actual operational environment using computer-generated battlefields with the approximate characteristics of tactical weapons and vehicles. 3 An individual's shot location in the VRE is tracked using laser emitting firearms and a detection system. During training, SM's practice the skills needed to operate actual equipment. VRE training provides simulated real-world complexity while minimizing the associated risks. 1 VRE training is used to exercise motor control, decision making, and communication skills. Marksmanship training is intended to minimize muzzle movement by controlling body movements (i.e., breathing, gross motor, and fine motor). 8 In able-bodied populations, VRE-based training systems have been shown to be as effective at improving marksmanship as live fire training. 9, 10 Yates examined the effectiveness of VR training in the fundamentals of marksmanship, finding no statistical difference (95% confidence interval) in the performance of VR versus live fire training. 11 Most information about using VRE-based firearm training in the military centers around the clinical management of posttraumatic stress disorder and traumatic brain injury. 1, 6, [12] [13] [14] [15] There is little literature describing the use of VRE-based firearm training in a polytrauma population. One pilot study found that firearm training in a VRE led to improved shot grouping in 3 patient groups: (a) upper extremity orthopedic injuries, (b) transradial amputation, and (c) transhumeral amputation. 7 There was also a high qualification rate, 34 out of 35 subjects. These preliminary findings combined with a lack of research on the impact of firearms training in a VRE on rehabilitation of a polytrauma patient population provide justification for further study.
The purpose of this report is to describe marksmanship (shot grouping and weapon qualification) and return to duty outcomes following a course of VRE-based firearm training in a polytrauma patient population.
METHODS
The medical records, stored in the Armed Forces Health Longitudinal Technology Application (AHLTA), electronic medical record system used by Department of Defense medical providers, of all patients who received rehabilitative care at the Center for the Intrepid (CFI) to include VRE-based firearms training between 01OCT2015 and 01AUG2016 were manually reviewed for inclusion. Subjects included all adult (18 years and older) SMs (active duty at time of admission) with a diagnosis of polytrauma who had been referred to and treated (received additional services such as physical and or occupational therapy) at the CFI. SMs who received VRE-based firearms training without conjunctive rehabilitation services were excluded. During training, all SMs, regardless of branch of service, followed Army doctrine from marksmanship training detailed in FM 3-22.9, Rifle Marksmanship M-16/M-4 Series Weapons; 16 Included medical records were de-identified. Quantitative data gathered included (a) demographic information and medical history, (b) weapon qualification status, (c) shot group size, (d) return to duty status, and (e) number of training sessions attended. Qualification status pre-and post-training with either the M9 or M4 weapon was recorded in accordance with FM 3-22.9, Rifle Marksmanship standards. 16 Shot group sizes were gathered for the M9 and M4 during zeroing. Zeroing of the weapon consisted of the initial firing (up to 9 shots) by the SM to gain familiarity and ensure proper sight picture. This occurred at 10 m with the M9 and 25 m with the M4. Additionally, shot group sizes were recorded at 10 m, 20 m, and 30 m with the M9 and 100 m and 200 m with the M4. Six shots were taken at each distance with both weapons to establish a shot grouping. The amount of shots fired at all distances was in accordance with FM 3-22.9, Rifle Marksmanship standards. 16 Return to duty status was determined by chart review.
Quantitative data (continuous and dichotomous variables) were analyzed utilizing Excel statistical software (Microsoft, 2013) and SPSS version 22 statistical software (IBM Corporation, 2013). Basic descriptive statistics for demographics, medical history, weapon qualification rates, number of training sessions, and return to duty status were completed. A paired t-test was performed between initial (pre-training) and final (post training) shot group sizes for each distance and each firearm to determine if there was a significant change with training. A cross-sectional sample was used of all available shot group data as not all participants trained at each distance or with each weapon. Each paired t-test was considered independent since distance and weapon conditions had a different sampling of participants. Thus, no corrections were made for multiple comparisons. A one-way ANOVA was performed to determine if there was an effect on shot group size based on the amount of training received. Absolute change in shot group size was calculated for each distance and weapon then grouped by the amount of training each with subject received: 2-4 training sessions, 5-7 training sessions, 8 or more training sessions. Similar to the t-test, a cross-sectional sample was used for all available shot group data as not all participants trained at each distance or with each weapon. SMs who only shot once at any certain distance were removed from the data set for that distance for both the t-test and the ANOVA. The findings were confirmed by an independent statistician.
RESULTS
Medical records of 30 SMs with a polytrauma diagnosis met the inclusion criteria for this study (see Table I ). Of the 30 SMs, 11 were injured in combat. Mechanisms of injury included 9 improvised explosive devices (IED), 11 motor vehicle collisions (MVC), and 10 classified as other. Of those classified as other, mechanisms included: falls, frostbite, gunshot wounds, and leisure activity accidents. Injuries ranged from amputation and traumatic brain injury (TBI) to fractures and soft tissue lacerations. Due to the variety of injuries, three classifications were formed: upper extremity injuries only, lower extremity injuries only, and both upper and lower extremity injuries. There were 3 SMs classified as having only upper extremity injuries, 11 lower extremity only injuries, and 16 with both upper and lower extremity injuries (see Table I ). Of the 19 SMs with upper extremity injuries, 13 were to the dominant extremity.
Cognitive behavioral diagnoses were also identified for 16 of the SMs. Eight SMs were diagnosed with post-traumatic stress disorder (PTSD); 6 of the 8 were injured in combat, 4 of which were injured by an IED. Five SMs were identified as having a TBI. TBI was listed as both a physical injury and a cognitive behavioral diagnosis. Three SMs were diagnosed with depression, anxiety, or adjustment disorder. As part of the CFI requirement for participation in VRE-based firearms training, all SMs were cleared by a staff psychologist prior to the initiation of training to ensure the training was appropriate.
There was an 89% qualification rate (three failures) for both the M9 (n = 18) and M4 (n = 19) weapons for those who attempted qualification; 43% of the population (n = 13) did not attempt qualification with either weapon. The three SMs that failed (one with the M9, one with the M4, and one with both weapons) qualification had injuries to his or her dominant upper extremity. Two of the three SMs sustained injuries to both upper and lower extremities, one of which received two training sessions while the other received seven sessions. The third failure sustained bilateral upper extremity injuries and received three training sessions. All of the SMs who sustained both upper and lower extremity injuries (n = 13) and those with only lower extremity injuries (n = 5) that attempted qualification with at least 1 weapon passed (Figure 1 ). Half of the SMs who sustained upper extremity injuries (n = 3) who attempted qualification passed. The median number of training sessions attended was 7, 4, and 3 for SMs who sustained both upper and lower extremity injuries, lower extremity injuries, and upper extremity injuries, respectively.
Mean shot group sizes for the M9 and M4 weapon decreased between initial and post training time points for the M9 zero (p = 0.009) and M4 zero (p = 0.020) (Table II) . There were no significant differences between initial and post training time points at the other shooting distances with either weapon (Table II) . The sample size at each distance was reduced by the exclusion of those SMs who did not shoot at certain distances or those who only shot during a single session at that distance. There was no effect of the amount of training received to changes in initial and post training shot group size with either weapon at any distance (Table III) .
Half of the SMs included in the study (n = 15) returned to duty, 12 SMs did not return to duty, and there was no information available to determine whether or not the remaining 3 SMs returned to duty. Of those who returned to duty, 11 attempted qualification with 10 qualifying with at least 1 of the weapons. Six SMs who did not return to duty attempted and qualified with at least 1 weapon, the remaining 6 did not attempt qualification. The 3 SMs who had an undeterminable return to duty status were able to qualify with at least 1 weapon. Three of the SMs with a comorbid diagnosis of PTSD returned to duty; however, none of the SMs included in this study who had a comorbid diagnosis of TBI returned to duty. Subjects with lower extremity injures had the lowest return to duty percentage (27%, 3 SMs). SMs with injuries to only the upper extremity and those with injuries to both upper and lower extremity had similar return to duty rates (67% and 63%, respectively).
DISCUSSION
The purpose of this report was to describe marksmanship (shot grouping and weapon qualification) and return to duty outcomes following a course of VRE-based firearm training in a polytrauma patient population. The 30 SMs with polytraumatic injuries included in this retrospective study had mechanisms of injury which ranged from recreational accidents and falls to motor vehicle collisions and blasts. Many SMs suffered not only physical injuries but also cognitive and psychosocial impairments. The diversity of these injuries and resulting function led to SMs receiving multiple rehabilitative services to include occupational, physical, cognitive, and recreational therapies over various lengths of care; all depending on the severity of injury. Despite this diversity, a common factor these SMs all shared was the rehabilitative goal to return to firearm use with shooting proficiencyhence, their receiving formal firearms training by a certified instructor in a VRE.
The number of training sessions varied widely between individuals (1-31 sessions) partially due to the length of rehabilitative services each SM received. Other factors that influenced the number of training sessions each SM attended were: adherence to appointments, availability of the firearms training system, acute changes to a SM's medical status, and schedule conflicts with other rehabilitative activities. When grouping SMs by injury location, the median number of training sessions attended was 7, 4, and 3 for SMs who sustained both upper and lower extremity injuries, lower extremity injuries, and upper extremity injuries, respectively. Due to vast difference in the number of SMs in each group, statistical comparisons of training sessions attended were not performed. However, the median number of training sessions appeared highest for the SMs who sustained both upper and lower extremity injuries; likely due to increased complexity of injury. In general, those with more complex injuries had longer lengths of care and could attend more firearms training sessions. The severity of injury and associated disability likely increased the amount and/or frequency of rehabilitation services and may have contributed to an increase in overall training sessions.
Of the 18 and 19 SMs who attempted to qualify with the M9 and M4, respectively, only 3 failed to pass qualification. With such a small number of failed qualifications, the relationship between the number of training sessions and quantification rates could not be ascertained. Similarly, due to vastly different numbers of SMs per injury location, differences in qualification rates by injury location could not be statistically compared. Of the 20 SMs who attempted qualification with at least 1 weapon, there was only 1 failure ( Figure 1) . The other 2 SMs who failed qualification with 1 weapon were able to qualify with the other weapon. Whether qualification rates for each weapon (89%) or qualification rates for at least 1 weapon (95%) are used, findings are similar to those of Yancosek et al., which described a 97% qualification rate in a similar population using an identical VRE-based firearm training system. 7 Only three SMs failed qualification, all of whom had injuries to his or her dominant upper extremity, two of which had injuries to both upper and lower extremity. Injury to the dominant upper extremity likely had an impact on marksmanship by decreasing motor control, making it difficult for the SM to steady the weapon. Injuries to both the upper and lower extremity could have affected the SMs' dynamic standing balance-decreasing accuracy.
Of the 30 SMs in this study, a third did not attempt to qualify with either weapon. Given the high qualification rates (89%) of those attempting to qualify and those reported in a similar study (97%), 7 selection basis may have occurred in these samples. Specifically, the rehabilitation process for firearms training does not require a SM to attempt qualification. Thus, a SM may choose not to attempt qualification if they or the instructor feel shooting proficiently has not improved to a level that would pass qualification. This can create a selection basis when only those with a high likelihood of passing qualification end up attempting qualification. In addition, the number of people attempting to qualify could also be affected by discharge from rehabilitative services prior to having an opportunity to perform qualifications or SMs simply choosing not to attempt qualification.
Weapon qualification in a VRE is not a requirement for attempting qualification in an actual live fire environment. The later can have real impact on the SMs ability to return to duty and could affect SMs likelihood to stay in his or her current military occupation specialty (i.e., infantry, artillery). In this retrospective review, a relationship between qualification rates in the VRE and those in live fire courses could not be established due to the lack of information on live fire qualification rates. While return to duty numbers were available for a majority of the SMs, there was no way to determine whether these decisions were based on the SMs ability to proficiently utilize a firearm. However, many SMs in the process of being reviewed by his or her MEB will often request clinicians to provide statements about function in occupational tasks. In these cases, clinicians and instructors overseeing firearm training have the opportunity to detail the SM's proficiency with different weapons, cognitive ability to operate the firearm in different situations, and overall safety with the firearms. These statements may influence a MEB, but is only a portion of the information a MEB considers when making return to duty decisions. The findings from this study highlight the complexity of injuries (e.g., TBI, amputation, soft tissue, fracture, and polytrauma)) that participate in firearms training with goals of returning to duty. Half of the SMs in this study returned to duty with location and severity of injury and the presence of co-morbidities (i.e., TBI or PTSD) likely having the largest effect on return to duty. However, firearm instruction was individualized for each SM to provide the best chance for success. In a normal qualification course, shot group size (precision) is not measured. The use of a VRE in training provides this additional information about precision that may give insight into a patient's deficits. High precision with low accuracy suggests motor control and planning is consistent from shot to shot. However, the shooter may have difficulty lining up the natural point of aim (posture). The shooter could have sight alignment or sight picture issues either with the firearm or vision. A shooter with low precision is often not able to reproduce the motor task from shot to shot. Motor planning or control may be diminished or perhaps there is an attention deficit issue and the shooter is distracted from the task. Thus, an instructor's initial focus is to decrease group size by facilitating increased motor control and planning. VRE-based firearm training systems have a unique capability to quickly provide and display this measure during the course of training. As the shooter gains precision, instruction can shift to making changes to posture, sight alignment, or eliminating consistent bad habits to bring him or her on target.
Significant improvement was found between initial and final shot groups at 2 distances, the M9 zero and the M4 zero (Table II) . However, at an identical distance of 10 m, only M9 zero and not the M9 10 m shot group sizes showed and significant difference following training. Subjects in both conditions demonstrated a decrease in group size of approximately 25% (Table II ). The differences in sample size and subjects in the sample likely contributed to the M9 10 m condition not being significant in contrast to the M9 zero condition. As expected, shot group size increased with longer distances. Inconsistencies with motor control and thus weapon control and aim are amplified over distance creating a spread in the shot groups. Training did not appear to significantly change shot group size with the M9 at the 20 and 30 m distances. Given the smaller number of samples at the longer 20 and 30 m distances, it is likely that SMs did not train at longer distance which likely contributed to no significant changes. The M4 zero was performed at a simulated 25 m and demonstrated a 44% decrease in group size (p = 0.020). Similar to the M9 conditions, shot group size increased non-significantly over distance and the number of samples decreased. So, it is also likely that SMs did not receive as much training at these longer distances.
Limitations
Study limitations include the retrospective design, different cross-section sample sizes, lack of standardized training and assessment methods across patients, and inconsistent data entry in the medical records. The initial population (n = 30) should have been adequate to run statistical analysis with a high level of confidence; however, removal of SMs with only one training session, and the fact that not all SMs shot at each distance with each weapon, diminished sample sizes. Therefore, some statistical analyses were under powered making interpretation difficult and subject to Type I error. In cases were sample sizes were larger, there were large ranges on variables like training sessions attended with inconsistent documentation of training and assessment outcomes. While not ideal for scientific analyses, these limitations were an actual reflection of clinical practices and can be used to improve the delivery of rehabilitation services.
Future Research
This study is part of a line of developing clinical research on the utilization of VRE-based firearm training integrated into a multi-disciplinary approach for rehabilitation in a polytrauma population. Future work will focus on isolating metrics that demonstrate excellent psychometric properties for use as outcomes measures during firearm training in a VRE. Intersession reliability and minimal detectable change values will need to be determined to inform clinicians about a patient's progress and to determine the outcome of specific training methods. Additional studies will include the implementation of standardized training method to determine optimal treatment parameters (i.e., dose, frequency, duration) and instructional feedback (i.e., visual, haptic, audio). Future work will also attempt to implement a well-studied firearm assessment 4, 19 with normative data into our clinical environment. Most importantly, future efforts should focus on improving clinical documentation of firearms training and assessment to ensure consistency of care.
CONCLUSION
SMs with polytrauma demonstrated a high rate of weapon qualification (accuracy) following VRE-based firearm training. Shot group size (precision) at short distances with a M9 pistol and M4 rifle also improved with training. While overall marksmanship appeared to improve, high return to duty rates were not directly related to firearm training or marksmanship. Future efforts need to focus on consistent clinical documentation of firearm training procedure and establishment of psychometric properties for marksmanship outcome measures.
